
URITV CLASSIIfATION OF TNII PACK ("Won 0009W001C [LE COB
READ LNSTRUCTMoNS

REFORT DOCUMEHTATION PAGE 1EFORE COMPLETING FOp-%

N1 0rORT NUMlgR S. GOVr ACGESSION NO. 3. RICIPIKNT°S CATALOG 1NUMSEm

TITLS r,,d S..bt1e) S. TYPC OP REPORT & PeAIOO COVCNoE

Spotic.idal Activity of Alcide Exopor and Sodium
Hypochlorite on Bacillus anthracis spores.

S. PERFORMI•pG ONG. REPORT 'UM••R

AUlW4OR(., I. CONMRACT OR GRAN NuMUR(e)

J ohn W. Euzell, Jr.'
0. PaIMPORMM4G ORGANIZATION MAMC AND AODDCRESS I. PROGRAM ELCMENT. PROjICT. TAIS

AREA^ 4 WORK Upoir mummaRs
alcteriology Division SGUD-UIA

USANRIID
Fort Detrick, Frederick. ND 21701-5011.

U11 I. CONMTMO . FNGFopEIcN AMA ANO ADDRE5 S IL. REPORT OATS

IL MUMSERtOPPPAO31S

1'4. 4ONITORINO A39MCY NMA 6 AOOX&S(l1 dluffm# ini. 4;dnIMt oil#") IS. SECURITY CLASS. (*1 LMe t'efeftM

IS& O1CL ASSI PICATI ONO OOWmNRAOIN4

• DTIC "E
0. OSTRIGUMIN STATiMIMT (alpt Asb bui)

Approved for public release; distribution unlimited D TIC
EECTE

DEC 15 W87
,,. ,,STRIU,.O, STATEMENT (0.. 0 - 0 e--- -d• I... 20. ,i,- -.-ee, f ..o Asp@")

Approved for public release; distribution unlimited

IO. SUJPlPLENENVR~d YA NOyteS

To be published in Applied and Environmental Microbiology

poo o c us anthrcis, Anthrax, Sodium hypochlorite,

disinfectant, decontamination) ~ ~ a

10. A*Sr1QA7r (comma,@ wepovet# *P oi Z ~eqesm mo toeow~tv 6v bis.# Aww

_ -. Exmpor, a commercial disinfectant, w•x completely sporicidal to
3acillus anthracis spores and was active in the presence of 5% (wr/vol) brain
heart Infusion, 5% (vol/vol) whole sheep blood, and ý. (wt/vol) plant
materials. Sodium hyporhlorite, 0.5Z (wt/vnl) .ailthou•h highly qportcidil.
was inhibited significantly by the prmience of org:mnic material."-

27 /2- q i__9
r). .E0,r CtTO I1 09 t .,\) * S S I F I I'D. :



I.

Sporioldal Activity of Alide ExoporTM

and Sodium Hypochlorito on Ran.lus anthis cis spores.

JohnW. Ezzell, Jr.

*aetmrlnlnay Olylllan. U.. 2 Army Madlell sagaarch Institute ef

lnfat lafl BI maaaa : Pnrt DfmtrI•ek FraderleIk. Maryl nd 21701-401t1

Corresponding Author TOl. No. (301) 663-7341

Approved for' public release; distribution unlimited Acce-socFor-

NISCRAM i
DTIC TAB
U• anF'ourICC •J

B .. .. .......... .. ...... ..

Cleared for Publication: 14 October 1986

87 12 9 282



2

ExsporTM, a comnmercial disinfectant, was completely sporicl-

dal to ManillLft £ntbla spores and was active In the presence

of 8% (wt/vol) brain heart Infusion, 8% (vol/vol) whole sheep

blood, and 50% (wt/vol) plant materials. Sodium hypochlorlte,

0.5% (wt/vol), although highly sporilcdal, Was Inhibited signlft-

cantly by the presence of organic material.
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RanLLLus AnthracL, a Gram-positive, endospo e-formlng

bacterium, is the etiologic agent of anthrax, a disease primarily

associated with herbivores. Its spores present sa eclal problems

with respect to decontamination and control In Infected herds and

In laboratories because they are resistant to maný common disin-

fectants. Although sodium hypochlorite (householl bleach),

formaldehyde, and phenol are effective sporlicidal decontaminants,

they;suffer the disadvantage of being caustic and •orrosive In

addition to being toxic and offensive to humans and animals.

I performed studies on a new commmerclal sporicidal product,

ExsporTM (Alcide Corp.,.Westport, Conn.), to deter Ine Its effec-

tiveness In killing IL &nlthrani spores In solutio and on

surfaces. Its active Ingredient, sodium chlorite, Is activated,

Just prior to use, by the addition of a lactic acld solution

provided with the product. The chlorite anion reacts with

hydrogen Ions to form chilorous acid, which disproportionates to

form chlorine dioxide. According to the manufacturer, both the

chlorous acid and chlorite generated by ExsporTM are active

ag&lnst a wide variety of bacteria, bacterial spores, fungi,

viruses, and parasites, while being non-toxic, nonlcarcinogenic,

and nonmutagenic to humans. ExsporTM has been shojn to be

effective In treating dermatomycosls In mice (Boye¶, J. M., and

H. Alliger. 1983. Abstr. Ann. Meet. Am. Soc. Mlcr~biol. F30.r)

and In InactIvatInG oocysts of certain species of n•marJa (2).

BaQ.LIIUs ianthr~ai. strains, Vol lum 1-B and Nev Hampshire,

were obtained from the culture collection at the U . S. Army
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Medical Research institute of Infectious Diseases, Fort Detrick,

Md., and were cultured on blood agar at 37 0 C for 18 to 20 h.

Growth from blood agar cultures was Inoculated Into cotton-

plugged,,liter flasks containing 100 ml Schaeffer's sporulatlon

medium as modified by Leighton and 001 (1) and shaken at 80

reciprocations per min for 24 h at 37 0 C. Cultures were Incubated

an additional 24 h at ambient temperatures. The cultures were

Inspected by phase microscopy to estimate the degree of sporu-

latlon. Once sufficiently sporulated (z q9%), the cultures were

harvested by centrifugation at 10,000 X g, 15 mmn. No ,attempt

was made to remove remaining vegetative cells. Spores were

quantitated under phase microscopy by using aPetroff-Hauser

counting chamber and were adjusted to a concentration of

10o spores per ml In nutrient broth (NB, Dlfco, Detroit. Mich.)

supplemented with 10% (vol/vol) glycerol (final concentration),.

Spore preparations were stored at -20 0 C.

Sporlcidal activity of ExsporTM In solution was tested at

three concentrations In the presence and absence of 5% (wt/vol)

organic load [brain heart lnfuslon,(Olfco)]. Tests were

performed In open 1.8-ml polypropylene tubes containing 1-ml of

test mixture (108 spores per ml) and Incubated at ambient

temperatures. At time Intervals ranging from 10 mln to 18 h',

0.1 ml of the test mixtures was diluted 1:10 In 0.9 ml of

8% brain heart Infusion and 0.4 ml plated In duplicate on blood

agar. After 18 to 20 h Incubation at 37 0 C, the cultures were

scored "+" or "- to Indicate growth of surviving spores or no
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growth, respectively. Since the results on the duplicate plates

and the response of both strains were generally Identical, the

data In Table 1 represent the overall effect of the dlslnfec-

tents.

ExsporTM, when used at the manufacturer's recommended concen-

tration (henceforth designated as IX), was completely effective

at 10 min In killing 100% of the spores, even In the presence of

the 8% organic load. The disinfectant at 0.8 and 0.1X concen-

trations requlred between 80 to 120 mln and overnight contact

concentrations'respectively, to b3 effective In the presence of

8% BHI. Since I was only Interested In steriilzatlon of the test

solutions, I made no note was made of partial killing of the

spore population. To assure that dilution of the test mixtures

In BHI and plat'ing on BA was sufficient to neutralize the

disinfectant, spores were mixed with IX ExsporTM and Immedlately

diluted In BHI and plated on BA. In all cases, the control

plates had almost confluent growth, Indicating that disinfectant

carried over during the procedure was,being sufficiently diluted

and neutralized.

I tested ExsporTM in conjunction with 0.5% sodium hypo-

chlorite for Its sporicidal activity on surfaces. Spore suspen-

sions were spread over the surface of sterile microscope slidos

(106 spores per slide) and allowed zo dry overnight In a laminar

flow hood at ambient temperatures. Testing was performed by

rapidly dipping the slides In disinfectant and Immediately

placing them, under aseptic conditions, on a sterile towel to
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drain. At time Intsrvals, ranging from 0.5 to 120 min, the

reaction was stopped by placing treated slides (in duplicate)

Into tubes containing 46 ml sterile nutrient broth to neutraflze

the effect of the disinfectants. The tubes containing the slides

were capped, Incubated at 37 0 C for 18 to 20' h, and then scored

for growth or no growth as described above. The contents of

turbid tubes were plated on blood agar to confirm that the

turbidity noted was due to surviving spores and not to contami-

nation. Demonstration that residual disinfectant on the slide

was sufficiently diluted and neutralized by the nutrient broth

was accomplished by Incubating untreated ,spore slides In'nutrient

broth along with plain,slides that had been dipped In the

disinfectants as described above. As shown In Table 2, ExsporTm

was sporlcldal 'by 1 mln. There was no growth at 30 sei when 0.5%

bleach was used. Growth derived from the slides exposed to

ExsporTM for only 30 sac clearly showed 'that the spores remained

adhered to the slides during the rapid dipping process. Subse-

quent studies showed that spores rapidly dipped In 0,.5% bleach

also remained bound to the surface of the slides. Therefore, I

concluded that the lack of growth was due to the sporicidal

activity of the tested solutions and not to release of spores

from the Slides.

Animals dying from anthrax often bleed from their body

orifices Just prior to death, thereby contaminatlng the soil or

bedding. To control the spread of disease, attendir'g personnel

must decontaminate the area after removing the carcass. There-



7

fore, ExsporTM was compared with 0.8% sodium hypochlorlte bleach

for sr)rlcldal activity In the presence of 50% (vol/vol) whole

shee: blood and ;n tne presence of plant material (I.e., grass,

leaves, etc.). Blood containing 108 spores per ml was mixed with

an equal volume of either 2X ExsporTM or 1% sodium hypochlorlte

(final concentrations were IX and 0.5%, respectively). At

various time Intervals, 0.1-ml samples were plated In duplicate

on blood agar. Although ExsporTM killed most of the spores

within 1 h, a small percentage of the spores remained viable

after 18 h Incubatlon. ExsporTM had a profound effect on the

consistency of the blood In that 5 min after to Its addition, the

blood became a thick, almost solid paste. I suggest that spores

entrapped In the solid material were afforded protection from

ExsporTM. Although 0.5% sodium hypochlorite did not solidify the

the blood, It was Ineffective In killing spores after overnight

Incubation. Both disinfectants were effective when their ratio

to the blood was Increased four-fold or, In the case of bleach,

when the concentration was Increased three- to four-fold. To

test their effectiveness In the presence of plant material, I

collected a mixture of grass, leaves, and weeds at random from a

wooded area at Fort Detrick. Subsequent to addition of distilled

H2 0, the material was homogenized In a high speed blender for

5 min at ambient temperatures to obtain a slurry. Spores were'

added to 10 8 per ml, mixed, and diluted In an equal volume of

either 2X ExsporTM or 1% bleach. ExsporTM was completely

s0orlcldal within 1 h, whereas the bleach did not 3terllize the



8

ixture until 180 min. However, when I tested the disinfectants

using the thick plant material which settled out of the slurry,

lxsporTM was still 100% sporlcidal by I h, whereas the bleach was

neffective. The bleach required excessive amounts and higher

oncentrations to be effective. Data from these studies clearly

Indicate that the Alcide product Is sporicidal, both In solution

nd on surfaces. The advantages of ExsporTM over the sodium

pochlorlte bleach'are that It Is less corrosive, not caustic,

d, according to 'the manufacturer, Is generally not harmful to

heans. However, Inhalation of aerosolIzed vapors during decon-

Inatlon of an enclosed area with ExsporTM may result In

b eathIng difficulties due to the acidity of the solution (Alicde

C rp. representative personal communication). It appears that

IihIbItlon of ExsporTm activity Is due primarily to mechanical

riasons In which the disinfectant is physically prevented from

malkng contact with the spores (I.e., spores entrapped In dried

b ood). Nevertheless, the data presented In this report clearly

demonstrate the effectiveness of ExsporT for sterilization of

equlpment or areas contaminated with a. anthrAc.A spores.

Conversely, there was a high chlorine demand for the hypoch!orlte

caused by the nonspecific Interaction with organic matter,

th•ereby requiring larger amounts and higher concentrations to

o ercome this neutralizing effect on Its sporicidal activity.

T ase results are consistent with previous rudles (S. N. Sple-

g Iman and C. J. Glambrone, Abstr. Annu. Meet. Am. Soc. Micro-

blol. 1988, 024, p. 288) demonstrating that hypochlorite lost
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most of Its cidal activity towards StanhvIOCOCCuS AurjMu In the

presence of 20 or 40% serum, whereas Alcide LOTM 10:1:1, a

product which Is essentially Identical to ExsporTh. retained Its

cidal activity under the same conditions. Therefore, the amount

of sodium hypochorite required to completely sterilize an area Is

rather subjective In that It Is based on the quantity of organic

matter present. Therefore, one should never assume an area Is

decontaminated untif It has been checked by culture.
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TABLE 1. Sparloldal activity of ExsporTM In solution with and

without organic load.

FM 3p6rTM atl

lx O.6X O.1X

10ml - - .n

600m - . - +/.b min

120 min . .. .. -+

a8% bra.n heart infusion.

b One of the duplicate blood agar cultures had growth and the

other had no growth.
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TABLI 2. SporlOidal aCtivity of ExsporTM and sodium hypochlorite

on spores bound to slides.

Length of ffanaura (mint

flal~nfmtnnt .,A 1 2. a I n ian 120 Cnntral

EXv l nOrTM - . . . .. .. -


